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THREE-DIMENSIONAL TIME-OF-FLIGHT
PET WITH COARSE ANGULAR AND SLICE
REBINNING

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. provisional
application Ser. No. 60/671,158 filed Apr. 14, 2005, which 1s
incorporated herein by reference.

The following relates to the radiation detection arts. It
particularly relates to time-of-tlight positron emission
tomography (TOF-PET) imaging, and will be described with
particular reference thereto. However, the following relates
more generally to 1imaging, spectroscopy, and the like using
radioactive tracers or 1maging agents that produce simulta-
neous radiation particle emission events.

In PET, a radiopharmaceutical 1s admimstered to a human
patient or other imaging subject. The radiopharmaceutical
produces radiation decay events that emit positrons, which
travel a very short distance before rapidly interacting with an
clectron of the surrounding 1maging subject 1n an electron-
positron annihilation event to produce two oppositely
directed gamma rays. The gamma rays are detected by radia-
tion detectors surrounding the 1maging subject as two sub-
stantially simultaneous radiation detection events that define
a line of reaction (LOR) therebetween.

Although the gamma rays are detected “‘substantially
simultaneously”, 11 one of the two mvolved radiation detec-
tors 1s closer to the electron-positron annihilation event than
the other radiation detector, then there will be a small time
difference between the two radiation detection events. Since
gamma rays travel at the speed of light, this time difference
between detections 1s typically around a few nanoseconds or
less. In TOF-PET, the radiation detectors operate at a suili-
ciently high speed to enable measurement of this small time-
of-flight difference, which 1s then used to localize the elec-
tron-positron annihilation event to a segment of the LOR. The
acquired LOR data define projection data that can be recon-
structed by filtered backprojection, iterative backprojection,
or other algorithms to produce a reconstructed image.

One factor 1n the reconstruction speed and accuracy i1s the
angular binning resolution. A typical PET scanner has one or
more rings ol detectors, with each detector ring including
600-700 detector pixels. Thus, the angular resolution (ac-
quired angular bin size) of the acquired LOR data within the
transverse plane of the detector ring 1s around 0.5°-1°. By
rebinning the LOR data to fewer angular bins each spanning,
a larger angular bin size or interval, reconstruction speed 1s
increased. However, angular rebinning can generally be
expected to degrade 1mage resolution to an extent approxi-
mately commensurate with the reduced angular resolution of
the angularly rebinned LOR data.

In three-dimensional PET, multiple rings of radiation
detectors surround the 1maging subject to provide imaging
data for a plurality of slices. The oppositely directed gamma
rays in general may be detected by radiation detectors on the
same or different rings. Gamma ray pairs detected by radia-
tion detectors of the same ring emanated from a positron-
clectron annihilation event located 1n a plane containing that
ring; however, gamma ray pairs detected by radiation detec-
tors of different rings emanated from a positron-electron
annihilation event located in a volume bounded by the rings
that detected the gamma rays. In one reconstruction
approach, only LOR data corresponding to coincident
gamma rays detected by the same ring are processed. This
approach allows each slice to be separately reconstructed, but
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2

results 1n the discarding of a large amount of LOR data. To
utilize all the LOR data including LOR projections acquired
using two different detector rings, the backprojection or other
reconstruction 1s performed three-dimensionally, which 1s
computationally intensive and requires large amounts of data
storage.

The following contemplates improved apparatuses and
methods that overcome the aforementioned limitations and
others.

According to one aspect, an 1maging method 1s provided.
Three-dimensional positron emission tomography time-oi-
flight line-of-response (TOF-LOR) data are acquired. Each
TOF-LOR corresponds to a line-of-response with time-oi-
flight spatial localization. The TOF-LOR data are slice-
binned 1nto a plurality of two-dimensional TOF-LOR data
sets based on the time-of-flight spatial localization. At least
some of the slice-binned TOF-LOR data correspond to lines
of response that are oblique to the two-dimensional data sets.
The two-dimensional TOF-LOR data sets are reconstructed
into corresponding image slices defining a three-dimensional
reconstructed image.

According to another aspect, a positron emission tomog-
raphy (PET) scanner 1s disclosed for performing the imaging
method set forth 1n the first paragraph of this Summary.

According to another aspect, a processor 1s disclosed that 1s
programmed to perform the imaging method set forth 1n the
first paragraph of this Summary.

According to another aspect, a time of tlight positron emis-
s1on tomography scanner 1s disclosed. A means 1s provided
for acquiring three-dimensional positron emission tomogra-
phy time-of-flight line-of-response (TOF-LOR) data. Each
TOF-LOR corresponds to a line-of-response with time-oi-
tflight spatial localization. A means 1s provided for slice-bin-
ning the TOF-LOR data into a plurality of two-dimensional
TOF-LOR data sets based on the time-oi-tlight spatial local-
ization. At least some of the slice-binned TOF-LOR data
correspond to lines of response that are oblique to the two-
dimensional data sets. A means 1s provided for reconstructing
the two-dimensional TOF-LOR data sets into corresponding
image slices defining a three-dimensional reconstructed
image.

According to another aspect, an 1imaging method 1s pro-
vided. Positron emission tomography time-of-tlight line-oi-
response (1OF-LOR) data are acquired. Each TOF-LOR cor-
responds to a line-of-response with time-of-flight spatial
localization. The TOF-LOR data are coarsely angularly
rebinned to a plurality of coarse angular bins each having an
angular span of at least about 10°. The coarsely angularly
binned TOF-LOR data are reconstructed to produce the
image slice.

One advantage resides 1in providing fast TOF-PET image
reconstruction.

Another advantage resides 1n providing high resolution
TOF-PET 1mage reconstruction.

Another advantage resides 1in enabling TOF-PET 1image
reconstruction on a slice-by-slice basis without discarding
LLOR data acquired by different detector rings.

Another advantage resides in providing fast TOF-PET
image reconstruction using coarse angular rebinnming without
concomitant loss of 1mage resolution.

Numerous additional advantages and benefits will become
apparent to those of ordinary skill 1n the art upon reading the
following detailed description.

The mvention may take form 1n various components and
arrangements of components, and 1n various process opera-
tions and arrangements of process operations. The drawings
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are only for the purpose of illustrating preferred embodiments
and are not to be construed as limiting the invention.

FIG. 1 diagrammatically shows a TOF-PET system
employing coarse angular and most likely slice rebinning.

FI1G. 2 diagrammatically shows slice-binming for binning a
three-dimensional TOF-LOR data set into a plurality of two-
dimensional TOF-LOR data sets based on the time-of-tlight
localization.

FI1G. 3 diagrammatically shows a derivation of a minimum
bin size for coarse angular rebinming of two-dimensional
TOF-LOR data.

FIG. 4 diagrammatically shows one approach for coarse
angular rebinning.

FIG. 5 diagrammatically shows a block diagram of an
integrated three-dimensional TOF-PET reconstruction pro-
cess suitably performed by the most likely slice rebinning
processor and the two-dimensional reconstruction processor
of the TOF-PET system of FIG. 1.

With reference to FIG. 1, a time-of-tlight positron emission
tomography (TOF-PET) scanner 8 includes a plurality of
rings 10 of radiation detectors arranged to view an imaging,
region 12 1nside of which an imaging subject 1s disposed. In
FIG. 1, the imaging subject 1s the head of a human patient 13;
however, other anatomical regions can be imaged, and more-
over the imaging subject can be non-human. In FIG. 1, five
radiation detector rings 10 are 1llustrated for ease of explana-
tion, indexed as r,, r,, 53, I, I's, respectively; however, typi-
cally 20-60 or more detector rings are included for high
resolution three-dimensional 1imaging. Moreover, it 1s to be
appreciated that the radiation detector rings 10 are diagram-
matically illustrated; typically the radiation detectors are
housed within a housing 14 of the scanner 8 and thus are not
visible from the outside. Typically, each radiation detector
ring 10 includes hundreds of radiation detector, for example
defining 600-700 radiation detector pixels per ring.

A suitable radiopharmaceutical 1s administered to the
patient or other 1maging subject prior to initiation of TOF-
PET imaging. The radiopharmaceutical includes a radioac-
tive substance that undergoes radioactive decay events that
emit positrons. The positrons rapidly annihilate with nearby
clectrons of the imaging subject. One example positron-elec-
tron annihilation event 16 1s diagrammatically indicated in
FIG. 1. Each positron-electron annihilation event produces
two oppositely directed gamma rays having energies of 511
keV. The example positron-electron annihilation event pro-
duces gamma rays 17, 18. Other radiopharmaceuticals having
radioactive decays causing multiple particles to be emitted
along opposing or otherwise predictable relative trajectories
are also contemplated. The gamma rays travel at the speed of
light, i.e. ~3x10® meters/sec. Since the imaging region 12
typically has a diameter or other characteristic dimension of
about two meters or less, the time-of-tlight for a gamma
particle from the position of the positron-electron annihila-
tion event to one of the detectors of the plurality of radiation
detectors 10 1s about a few nanoseconds or less. Thus, the two
oppositely directed gamma rays strike two of the radiation
detectors substantially simultaneously.

The two gamma rays may be detected by radiation detec-
tors on the same radiation detector ring. In this case, the
corresponding LLOR lies 1n the plane of the radiation detector
ring, and 1t 1s readily apparent that the positron-electron anni-
hilation event lies within a spatial slice defined by the radia-
tion detector ring.

More generally, however, the two gamma rays may be
detected by two different radiation detector rings. The 1llus-
trated gamma rays 17, 18, for example, are detected by two
different ones of the radiation detector rings 10. Specifically,
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4

gamma ray 17 1s detected by radiation detector ring r; while
gamma ray 18 1s detected by radiation detector ring r,. In this
case, the corresponding LLOR 1s not coplanar with any one of
the detector rings 10, and the positron-electron annihilation
event 16 could be located in any one of the four spatial slices
defined by the detector rings r,, 1, 15, I,.

The radiation detectors localize each particle detection, for
example using Anger logic or other processing, to determine
the particle energy and precise location of the detection. The
logic can be integrated into the radiation detector electronics,
or can be housed within the PET housing 14, or can be located
off the scanner. The resulting radiation detection events are
stored 1n a list of events bulier 22, with each detection event
tagged or annotated by the time of detection to facilitate TOF
processing. A gamma ray pair detection circuitry 24 pro-
cesses the radiation detection events to 1dentify pairs of sub-
stantially simultaneous gamma ray detections belonging to
corresponding electron-positron annihilation events. This
processing can include, for example, energy windowing (that
1s, discarding radiation detection events outside of a selected
energy filtering window disposed about 511 keV) and coin-
cidence-detecting circuitry (that 1s, discarding radiation
detection event pairs temporally separated from each other by
greater than a selected time filtering interval).

When a gamma ray pair 1s 1dentified, a line-of-response
(LOR) processor 28 processes the spatial information per-
taining to the two gamma ray detection events to 1dentily a
spatial line of response (LOR ) connecting the two gamma ray
detections. Since the two gamma rays are emitted along dia-
metrically opposed paths, the electron-positron annihilation
event 1s known to have occurred somewhere on the LOR.

In TOF-PET, the radiation detectors of the detector rings 10
have sufficiently high temporal resolution to detect a time-oi-
flight difference between the two “‘substantially simulta-
neous’” gamma ray detections. A time-of-flight processor 30
analyzes the time difference between the times of the two
gamma ray detection events to localize the positron-electron
annihilation event along the LOR. A time-of-tlight line-oi-
response (TOF-LOR), such as a histoprojection, 1s deter-
mined based on time-oi-flight information. In FIG. 1, a his-
toprojection 31 corresponding to the example positron-
clectron annihilation event 16 1s indicated. Because the
example positron-electron annihilation event 16 1s closer to
the radiation detector that detects the gamma ray 18 as com-
pared with the radiation detector that detects the gamma ray
17, the time-of-flight for gamma ray 18 1s shorter than the
time-oi-tlight for the gamma ray 17, and so the TOF-LOR or

histoprojection 31 1s correspondingly shifted along the LOR

toward the radiation detector that detects the gamma ray 18.

The TOF-LOR 31 has a finite length along the LOR that 1s
non-zero due to the finite temporal resolution of the radiation
detectors. In some embodiments, each TOF-LOR embodies
or represents a Gaussian or other probability distribution
indicative of the position of the positron-electron annihilation
event along the LOR. In other embodiments, the TOF-LOR
embodies or represents a constant value over a statistical
width such as a full-width-at-half-maximum (FWHM) of the
probability distribution along the LOR. The TOF-LOR data
can employ other suitable representations of localization of
the positron-electron annihilation event along the LOR based
on the TOF information. The resulting TOF-LOR data, accu-
mulated for a large number of positron-electron annihilation
events, are stored as a set of three-dimensional TOF-LOR
data 32.

With continuing reference to FIG. 1 and with further ref-
erence to FI1G. 2, amost likely slice binning processor 40 bins
the set of three-dimensional TOF-LOR data 32 into a plurality
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of two-dimensional TOF-LOR data sets 42 based on the time
of flight localization of the TOF-LORs. The slice-binning
suitably bins the TOF-LOR data 32 into spatial slices defined
by the radiation detector rings. For the illustrated embodi-
ment with five detector rings 10, the most likely slice binning
processor 40 bins the three-dimensional TOF-LOR data 32
into five two-dimensional TOF-LOR data sets 42 correspond-
ing to the detector nngs r,, r,, r3, I, I's, respectively.

The slice-binning suitably bins each TOF-LOR to that
spatial slice containing at least the central portion of the
TOF-LOR. If each TOF-LOR represents a Gaussian or other
probability distribution indicative of the underlying positron-
clectron annihilation event then 1t 1s straightforward to deter-
mine the Gaussian peak or other mean or average value of the
probability distribution indicative of a most likely spatial
position of the positron-electron annihilation event. The slice
binning processor 40 then suitably bins each TOF-LOR to
that spatial slice containing the most likely spatial position of
the positron-electron annthilation event corresponding to the

TOF-LOR.

In FIG. 2, the example TOF-LOR 31 1s seen to be suitably
binned to the slice defined by the radiation detector ring r,,
which contains most or all of the TOF-LOR 31. In some
embodiments, the slice-binning includes projecting each
TOF-LOR 1nto the slice into which that TOF-LOR 1s slice-
binned. This 1s shown in FIG. 2, where the example TOF-
LLOR 31 is projected into the slice defined by the detector ring
r, to define the slice-binned TOF-LOR 31' lying within the
slice defined by the detector ring r,. In other contemplated
embodiments, the TOF-LOR 1s suitably rotated into the slice,
producing a generally larger TOF-LOR 1n the two-dimen-
sional data set. Optionally, the TOF-LOR can be binned into
two or more slices with its contribution to each slice weighted
in accordance with the probability of the event occurring 1n
cach slice.

The following 1s one quantitative example of one suitable
approach for slice-binning. In this example, each LOR has a
first endpoint (x,,y,,Z,) determined by a radiation detection
event occurring at a time t,, and a second endpoint (x,,y,,Z-)
determined by a radiation detection event occurring at a time
t,. The time-of-flight information 1s quantified by a time
difference At=t,—t;,. A most likely slice (z,,,) 1s suitably
determined as:

(21 +22) At (22 —21) (1)

ML= T ‘3T 4

where “c” denotes the speed of light and d denotes the length
of the LOR, given by:

d =\/(x2 —A 1)24‘()’2—}’ 1 )2"‘(32‘2 1)2 (2).
The first term of z, ., 15 the average slice position between the
first and second endpoints of the LOR, while the second term
of z, .- 1s a correction or adjustment term that accounts for the
TOF 1information.

With continuing reference to FIG. 2, the angle of the LOR
respective to the image spatial slice to which 1t 1s binned 1s
denoted as 0. Using Gaussian kernel representations for the
time-oi-tlight information, the spatial uncertainty of the time-
of-flight (FWHM.,~) 1s computed by multiplying the tem-
poral time-of-flight uncertainty by the speed of light (c=3.0x
10"" millimeters/sec). An estimate of a likelihood of slice
misplacement by the most likely slice binning processor 40 1s
suitably computed as:

FWHM._,. . =sin(60)- FWHM ;- (3).

slice
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For a TOF-PET scanner having a most oblique LOR 1n a
system with 15° axial opening angle (O0(max)=7.5°) and
FWHM ., -=300 picoseconds (90 millimeters):

FWHM

(4).

=s1n(7.5%)-(90 millimeters)=12 millimeters

slice

This 1s the maximum slice misplacement. For less oblique
L.ORs (that 15, 0<7.5°), the error will be smaller. Advanta-
geously, the slice misplacement error 1s only weakly depen-
dent of the position of the TOF-LOR within the field of view
of the PET scanner, and 1s substantially determined by the
time-oi-flight resolution.

Each of the two-dimensional TOF-LOR data sets 42 1s
reconstructed by a two-dimensional reconstruction processor
50 to produce a corresponding image slice. The reconstructed
image slices collectively define a three-dimensional recon-
structed image which 1s stored 1n an 1images memory 52. The
three-dimensional reconstructed image can be displayed on a
user interface 54, printed, stored, commumicated over an
intranet or the Internet, or otherwise used. In the 1llustrated
embodiment, the user interface 54 also enables a radiologist
or other user to control the TOF-PET scanner 8; in other
embodiments, a separate controller or control computer may
be provided.

With continuing reference to FIG. 1, the two-dimensional
reconstruction processor 50 includes a coarse angular rebin-
ning processor 60 that rebins the two-dimensional TOF-LOR
data set to a plurality of coarse angular bins. In some embodi-
ments, each angular bin has an angular span of at least about
10°. In some embodiments, the number of angular bins 1s less
than about twenty bins collectively spanning an angular span
of 180°. A backprojector 62 backprojects the coarsely angu-
larly rebinned TOF-LOR data to produce the reconstructed
image slice. In some embodiments, the backprojector 62 1s a
filtered backprojector that produces the reconstructed image
slice 1n a single iteration. In other embodiments, the back-
projector 62 employs iterative backprojecting of the two-
dimensional TOF-LOR datato produce the image slice. Other
reconstruction algorithms can also be used to reconstruct the
coarsely angularly rebinned TOF-LOR data to produce the
reconstructed image slice.

With reference to FI1G. 3, the coarse rebinning, for example
using bins with angular spans of at least about 10°, does not
substantially degrade the resolution of the reconstructed
image. For Gaussian time-of-flight kernels, the spatial time-
of-thight resolution 1s suitably denoted FWHM ... A region
of interest of radius R is considered, spanned by & pixels (that
is, Ax'R=E where Ax i1s the pixel size as shown in FIG. 3).
Defining g&=R/FWHM ., where R 1s a radius of a region of
interest, resolution 1s not degraded 11 the error due to angular
rebinning 1s less than the pixel size Ax. For a uniform angular
span of A¢ for the angular bins, this 1s achieved by selecting
a uniform angular span (A¢) for the angular bins of at least
about A¢p=atan(2g/€). This 1s derived for the TOF-LOR rep-

resenting a symmetric Gaussian probability distribution that
1s independent of the angle of the LOR.

FIG. 4 1llustrates one approach for coarse angular rebin-
ning. The TOF-LOR 31' (after slice-binning) 1s illustrated in
FIG. 4 showing the TOF information as a Gaussian profile
drawn with a solid line. The TOF-LOR 31' 1s at an angle ¢ 1n
the slice plane. An angularly rebinned TOF-LOR 31" 1s
rebinned to an angular bin ¢, , identified by index n. The TOF
information for the angularly rebinned TOF-LOR 31" 1is
shown as a Gaussian profile drawn with a broken line. The
coordinate S shown 1n FIG. 4 1s the radial distance between
the line-of-response of the TOF-LOR 31" and the center of the

scanner. The coordinate I identifies the position of the TOF-
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L.OR 31' along the line-of-response. The coordinates S' and I'
are the corresponding radial and TOF coordinates of the

angularly rebinned TOF-LOR 31",

With reference to FIG. 5, the ordering of the TOF-LOR
binning operations performed by the binning processors 40,
60 can be varied. FIG. 5 shows a block diagram of an inte-
grated three-dimensional TOF-PET reconstruction process
suitably performed by the most likely slice rebinning proces-
sor 40 and the two-dimensional reconstruction processor 50
1s 1llustrated. TOF-LOR data with close orientations are
added into different preimages for each angle. A preimage (or
approximate 1mage) 1s created for each angle and the most
likely point of the positron-electron annihilation correspond-
ing to each TOF-LOR, calculated using the time difference,
for each “close” TOF-LOR 1s added to that preimage. Each
preimage or approximate image 1s inverse time-oi-tlight fil-
tered (shown as the H™" filters in FIG. 5) to produce the image
slice.

With returning reference to FIG. 1, the skilled artisan wall
appreciate that the two-dimensional reconstruction processor
50 including the coarse angular rebinning can be applied
directly to two-dimensional TOF-LOR data sets. For
example, a TOF-PET scanner having a single ring of detec-
tors directly acquires two-dimensional TOF-LOR data sets.
Such a two-dimensional TOF-LOR data set can be directly
input to the two-dimensional reconstruction processor 50,
without the slice-binning since a PET scanner having a single
detector ring acquires data only from a single slice, to provide
a fast two-dimensional reconstruction taking advantage of the
coarse angular rebinning.

The mvention has been described with reference to the
preferred embodiments. Obviously, modifications and alter-
ations will occur to others upon reading and understanding
the preceding detailed description. It 1s intended that the
invention be construed as including all such modifications
and alterations insofar as they come within the scope of the
appended claims or the equivalents thereof.

Having described the preferred embodiments, the inven-
tion 1s now claimed to be:

1. An 1maging method comprising;:

acquiring three-dimensional positron emission tomogra-
phy time-of-flight line-of-response (TOF-LOR) data,
cach TOF-LOR corresponding to a line-of-response
with time-of-tlight spatial localization;

slice-binning the TOF-LOR data into a plurality of two-
dimensional TOF-LOR data sets based on the time-oi-
flight spatial localization, at least some of the slice-
binned TOF-LOR data corresponding to lines of
response that are oblique to the two-dimensional data
sets; and

reconstructing the two-dimensional TOF-LOR data sets
into corresponding image slices defining a three-dimen-
stonal reconstructed 1image, wherein the reconstructing
of each two-dimensional TOF-LOR data set includes
defining an approximate image as an aggregation of
spatial points defined by the TOF-LORs of the two-
dimensional TOF-LOR data set and 1nverse time-oi-
tlight filtering the approximate image to produce the
image slice.

2. The imaging method as set forth in claim 1, wherein the

defining of the approximate 1image as the aggregation of spa-
tial points defined by the TOF-LORSs of the two-dimensional
TOF-LOR data set includes:

defiming each spatial point as a most likely spatial position
of a positron-electron annihilation event corresponding

to the TOF-LOR.
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3. The imaging method as set forth 1n claim 1, wherein the
acquiring of TOF-LOR data employs a plurality of radiation
detector rings each defining a spatial slice, and the slice-
binning includes:

for each oblique TOF-LOR, determining a most likely

spatial position of a positron-electron annihilation event
corresponding to that TOF-LOR; and

binning each oblique TOF-LOR to a spatial slice contain-

ing the most likely spatial position of the positron-elec-
tron annihilation event corresponding to that oblique
TOF-LOR.

4. A positron emission tomography (PET) scanner config-
ured to perform the 1maging method set forth 1n claim 1.

5. A processor programmed to perform the imaging
method set forth 1 claim 1.

6. An imaging method comprising:

acquiring three-dimensional positron emission tomogra-

phy time-of-flight line-of-response (TOF-LOR) data,
cach TOF-LOR corresponding to a line-of-response
with time-of-tlight spatial localization;

slice-binning the TOF-LOR data into a plurality of two-

dimensional TOF-LOR data sets based on the time-oi-
tlight spatial localization, at least some of the slice-
binned TOF-LOR data corresponding to lines of
response that are oblique to the two-dimensional data
sets; and

reconstructing the two-dimensional TOF-LOR data sets

into corresponding image slices defining a three-dimen-
stonal reconstructed 1image, wherein the reconstructing,
of each two-dimensional TOF-LOR data set includes
angularly binning the TOF-LOR data of the two-dimen-
stonal TOF-LOR data set to a plurality of angular bins
and reconstructing the angularly binned TOF-LOR data
to produce the 1mage slice.

7. The imaging method as set forth in claim 6, wherein the
angular binning includes:

selecting a uniform angular span (A¢) for the angular bins

of at least about Ap=atan(2g/E) where g equals a radius
of a spatial region of interest divided by a statistical
width of the TOF-LORSs and € equals a number of pixels
spanning the spatial region of interest.

8. The imaging method as set forth in claim 6, wherein the
number of angular bins 1s less than about twenty bins collec-
tively spanning an angular span of 180° .

9. The imaging method as set forth 1n claim 6, wherein an
angular span of each angular bin 1s at least about 10° .

10. The imaging method as set forth 1n claim 6, wherein the
acquiring of TOF-LOR data employs a plurality of radiation
detector rings each defining a spatial slice, and the slice-
binning includes:

for each oblique TOF-LOR, determining a most likely

spatial position of a positron-electron annihilation event
corresponding to that TOF-LOR; and

binning each oblique TOF-LOR to a spatial slice contain-

ing the most likely spatial position of the positron-elec-
tron annihilation event corresponding to that oblique
TOF-LOR.

11. A positron emission tomography (PET) scanner con-
figured to perform the imaging method set forth 1n claim 6.

12. A processor programmed to perform the imaging
method set forth 1n claim 6.

13. An imaging method comprising:

acquiring positron emission tomography time-of-flight

line-of-response (TOF-LOR) data, each TOF-LOR cor-
responding to a line-of-response with time-of-flight spa-
tial localization:
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coarsely angularly binning the TOF-LOR data to a plural- 16. The imaging method as set forth 1n claim 13, wherein
ity of coarse angular bins each having an angular span of the coarse angular binning includes:

at least about 10°; and selecting a uniform angular span (A¢) for the angular bins

reconstructing the coarsely angularly binned TOF-LOR of at least about A¢p—atan(2g/S) where g equals a radius

5 of a spatial region of interest divided by a statistical

data to produce the image slice.

14. A positron emission tomography (PET) scanner for
performing the imaging method set forth 1n claim 13.

width of the TOF-LORs, € equals a number of pixels
spanning the spatial region of interest, and A¢ 1s at least

about 10°.

15. A processor programmed to perform the imaging
method set forth 1n claim 13. £ % % % %
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